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T h i s  r e p o r t  reviews work aimed a t  \exte_ndh~-t;he--cxmce~t 
of d i f f e r e n t i a l  r e f l e c t i v i t y  t o  be t te r  de te rmine  t h e  e l e c t r o -  
magnet ic  p r o p e r t i e s  of t h e  l u n a r  s u r f a c e .  
of ex tens ion  d i scussed  a re  t h e  t r a n s i e n t  s o l u t i o n  of  e l e c t r o -  
--_.. - -_ __I__---------__-"_ .---I - -- I_ 
The two major areas - - ~ - - - - - - - - - - . _ _  / - I.- 1- ._ ~ 
magnet ic  s c a t t e r i n g  and the  e f fec t  of t h e  r e l a t i v e  v e l o c i t y  
between t h e  source  and ta rge t  on t h e  s c a t t e r e d  r a d i a t i o n .  A 
s h o r t  d i s c u s s i o n  is g iven  i n  each of t h e  areas of f u t u r e  
i n v e s t i g a t i o n .  
LFt..4A,- 
1,O I n t r o d u c t i o n  
This  r e p o r t  summarizes t h e  t h e o r e t i c a l  work which h a s  
been accomplished du r ing  t h e  l a s t  s i x  month p e r i o d  on NASA 
Grant  129-61. T h e  purpose of t h e s e  t h e o r e t i c a l  s t u d i e s  have 
been t o  extend t h e  p rev ious ly  developed concept  of d i f f e r e n -  
t i a l  r e f l e c t i v i t y '  i n  o r d e r  t o  o b t a i n  bet,ter e s t i m a t e s  of  
e l ec t romagne t i c  p r o p e r t i e s  of s c a t t e r i n g  s u r f a c e s .  The two 
major a r e a s  of  t h e o r e t i c a l  s tudy t h a t  have been pursued 
du r ing  t h i s  r e p o r t  p e r i o d  a re :  1) t h e  t r a n s i e n t  s o l u t i o n  of 
s c a t t e r e d  e l ec t romagne t i c  r a d i a t i o n ,  bo th  monos ta t ic  and 
b i s t a t i c  and 2 )  t h e  Lorentz  t ransform of t h e  H e r t z i a n  poten-  
t i a l .  These t o p i c s  a r e  d i scussed  i n  mwe d e t a i l  i n  s e c t i o n  
2 - 0 .  
2 . 0  T h e o r e t i c a l  S t u d i e s  
2 . 1  T r a n s i e n t  S o l u t i o n  of S c a t t e r e d  Rad ia t ion  
The purpose of t h i s  t h e o r e t i c a l  s tudy  was t o  determine 
the  t r a n s i e n t  s o l u t i o n  of beam-limited r e f l e c ' t i o n  from a smooth 
sphe re  ( i o e o  an i d e a l i z e d  moon) us ing  t h e  concept  of d i f f e r -  
e n t i a l  r e f l e c t i v i t y .  The approach used on t h i s  problem was t o  
t a k e  t h e  i n v e r s e  f o u r i e r  t ransform of t h e  p r o p e r l y  weighted 
s t e a d y  s t a t e  components of t h e  reflected f i e l d .  The weight ing 
f u n c t i o n  was d e r i v e d  f o r  a pu l se  of c u r r e n t  i n  a s h o r t  d i p o l e .  
'Erteza,  Ahmed, James A .  Doran, Donald H.  Lenhert ,  "The 
Concept of D i f f e r e n t i a l  R e f l e c t i v i t y  as Applied t o  a Smooth Moon," 
Engineer ing Experiment S t a t i o n ,  U n i v e r s i t y  of New Mexico, Techni- 
c a l  Report  EE-114, August, 1964. 
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During t h e  i n v e s t i g a t i o n  the  q u e s t i o n  a r o s e  as t o  when t o  t a k e  
t h e  i n v e r s e  f o u r i e r  t ransform.  
t i m e s :  
p o t e n t i a l  f i e l d  (6nr), 
d i f f e r e n t i a l  r e f l e c t e d  e l e c t r i c  and magnetic f i e l d  i n t e n s i -  
t i es  (6Zr ,  6 i r ) ,  
r e f lec ted  i n t e n s i t i e s  over  t h e  i l l u m i n a t e d  s u r f a c e .  
p e r  p l a c e  would be a f t e r  6 4  was obta ined ,  however i f  terms of  
o r d e r  l / R n  a r e  t o  be neglec ted  f o r  n > 1 t h e n  t h e  i n v e r s e  
There were three p o s s i b l e  
1) A f t e r  o b t a i n i n g  t h e  d i f f e r e n t i a l  ref lected h e r t z i a n  
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2 )  a f t e r  t h e  t r ans fo rma t ion  of  t h e  
o,r  3 )  a f t e r  i n t e g r a t i o n  o f  t h e  d i f f e r e n t i a l  
The pro-  
f o u r i e r  t ransform can be taken a f t e r  6nr -* h a s  been t ransformed 
t o  6gr. 
f o u r i e r  t ransform can n o t  be taken a f t e r  i n t e g r a t i o n  over  t h e  
s u r f a c e  s ince  t e r m s  g i v i n g  t h e  r e f l e c t i o n  du r ing  t h e  i n t e r v a l  
Due t o  t h e  propagat ing  a s p e c t  of  t h e  wave t h e  i n v e r s e  
of t i m e  between c e s s a t i o n  of i l l u m i n a t i o n  o f  the nose of t h e  
sphe re  and t h e  beginning of i l l u m i n a t i o n  of t h e  edge o f  t h e  
beam a t  t h e  s u r f a c e  w i l l  be los t .  
d u r i n g  t h i s  t i m e  are DC and do  n o t  c o n t a i n  t h e  t r a n s m i t t e r  
f requency . 
The on ly  t e r m s  t h a t  appear  
I n  t h e  b i s t a t i c  case f o r  t r a n s i e n t  s c a t t e r i n g  some cam- 
p l i c a t i o n  i s  in t roduced  i n t o  t h e  t a s k  of o b t a i n i n g  the  s c a t -  
tered f i e l d  a t  t h e  obse rva t ion  p o i n t  s i n c e  t h a t  area of  t h e  
* 
s c a t t e r i n g  s u r f a c e  over  which i n t e g r a t i o n  must be performed 
i s  i t s e l f  a f u n c t i o n  of time. 
q u e s t i o n  i s  t h a t  p o r t i o n  of t h e  s p h e r i c a l  s u r f a c e  bounded by 
t h e  i n t e r s e c t i o n s  of t h a t  surface wi th  t w o  confoca l  e l l i p -  
It  is  obvious t h a t  t h e  a r e a  i n  
s o i d s  whose f o c i  are  s i t u a t e d  a t  t h e  source  and obse rva t ion  
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p o i n t s  and t h e  d i f f e r e n c e  of  whose semi-major axes i s  g iven  
by  -( where T i s  t h e  pu l se  l e n g t h ,  i n  t i m e ,  of t h e  s i g n a l  
e m i t t e d  by t h e  sou rce .  The  e l l i p s o i d  having t h e  larger s e m i -  
major ax i s  cor responds  t o  t h e  l end ing  edge of  t h e  p u l s e  and 




The i n t e r s e c t i o n s  desc r ibed  above a re  r a t h e r  involved  
f u n c t i o n s  of 9 and cp,  t h e  p o l a r  and az imutha l  a n g l e s ,  r e spec -  
t i v e l y ,  i n  a s p h e r i c a l  coord ina te  system c e n t e r e d  a t  t h e  c e n t e r  
of t h e  sphe re .  I n  t h e  s o l i t a r y  e v e n t  t h a t  t h e  s o u r c e  and 
o b s e r v a t i o n  p o i n t s  a re  on a l i n e  through t h e  c e n t e r  of t h e  
sphe re  c o n s i d e r a b l e  s i m p l i f i c a t i o n  r e s u l t s  s i n c e  t h e  i n t e r -  
s e c t i o n s  become circles  dependent only on 8, i f  8 is  t h e  p o l a r  
a n g l e  measured from t h e  l i n e  j o i n i n g  t h e  c e n t e r  of  t h e  sphe re  
and the source .  Evalua t ion  of t h e  i n t e g r a l  i s  cons ide rab ly  
s i m p l i f i e d  i n  t h i s  case. 9L and e 2  which d e f i n e  t h e  i n t e r -  
s e c t i o n s  are,  of cour se ,  s t i l l  f u n c t i o n s  of t i m e .  The complete 
r e s u l t s  of t h i s  work w i l l  be r e p o r t e d  a t  a l a t e r  d a t e  i n  a 
s e p a r a t e  r e p o r t .  
2 . 2  Ioorentz  Transformation of Her t z i an  P o t e n t i a l  --- 
I n  o r d e r  t o  d e s c r i b e  $he r e f l e c t e d  f i e l d s  where t h e r e  
ex is t s  a r e l a t i v e  v e l o c i t y  between t r a n s m i t t e r - r e c e i v i n g  
an tennas  and t h e  r e f l ec t ing  s u r f a c e ,  an  i n v e s t i g a t i o n  was 
made t o  de te rmine  if t h e r e  ex i s t s  a Her t z i an  &-vec tor .  A 
H e r t z i a n  4 -vec to r  was desired so  t h a t  t h e  dyad ic  Lorentz  
t r ans fo rm could  be used t o  o b t a i n  t h e  t ransformed i n c i d e n t  
4 
Y 
f i e l d  on the s u r f a c e  and then be ope ra t ed  upon by t h e  dyadic  
d i f f e r e n t i a l  r e f l e c t i v i t y  to  o b t a i n  t h e  r e f l e c t e d  f i e l d .  N o  
such Her t z i an  & v e c t o r  could be found. Therefore ,  t o  t a k e  
i n t o  account t h e  r e l a t i v e  v e l o c i t i e s  mentioned above it w i l l  
he necessary  t o  e i t h e r  conver t  t h e  fi v e c t o r  t o  a p o t e n t i a l  
4 -vec tor  [';,'p], make t h e  Lorentz t r ans fo rm,  and then  c o n v e r t  
back t o  n v e c t o r  o r  t o  develop a new dyadic  d i f f e r e n t i a l  reflec- 
t i v i t y  f o r  t h e  p o t e n t i a l  &vec to r  o r  t h e  e l e c t r i c  and magnetic 
f i e l d  i n t e n s i t i e s .  T h i s  work h a s  been d i scon t inued  f o r  t h e  
p r e s e n t ,  b u t  w i l l  be pursued aga in  a t  a l a t e r  d a t e .  
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3.0 Futu re  Research 
-I 
3.1 Elec t romagnet ic  S c a t t e r i n g  from D e t e r m i n i s t i c  Su r faces  -- 
A n  i n v e s t i g a t i o n  of t h e  s c a t t e r e d  ( r e f l e c t e d )  E and H 
f i e l d s  r e s u l t i n g  from t h e  i n t e r a c t i o n  of a known source  f i e l d  
w i t h  a r b i t r a r y  d e t e r m i n i s t i c  s u r f a c e s  w i l l  be pursued du r ing  
t h e  nex t  s i x  month pe r iod .  P a r t i c u l a r  a t t e n t i o n  w i l l  be d i r e c -  
ted toward review of  t h e  concept of d i f f e r e n t i a l  r e f l e c t i v i t y  
wi th  t h e  ob. ject  of  developing a p p l i c a t i o n  t echn iques  which 
should ex tend  t h e  u s e f u l n e s s  of t h i s  concept  t o  the s o l u t i o n s  
of q u i t e  y e n e r a l  e lec t romagnet ic  s c a t t e r i n g  problems. The 
i n c i d e n t  source  f i e l d s  w i l l  be assumed known and d e s c r i b a b l e  
i n  terms of the f i e l d s  of a d i s c r e t e  and/or cont inuous  d i s t r i -  
b u t i o n  of e l e c t r i c  and magnetic d i p o l e s .  I n  a d d i t i o n ,  con- 
s i d e r a b l e  emphasis w 1 1 1  be placed on t h e  r e l a t i o n s h i p  of  t h e  
p o l a r i z a t i o n  of t h e  s c a t t e r e d  f i e l d  t o  t h a t  of  t h e  i n c i d e n t  
f i e l d ,  
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3 . 2  Elec t romagnet ic  S c a t t e r i n g  from S t a t i s t i c a l  S u r f a c e s  -- 
An i n v e s t i g a t i o n  w i l l  be made of t h e  r e f l e c t i o n  of beam- 
l i m i t e d  r a d i a t i o n  from a sphe re  w i t h  s t a t i s t i c a l  roughness 
( i . e .  a rough moon) u s i n g  t h e  concept  of d i f f e r e n t i a l  reflec- 
t i v i t y .  
w i l l  r e q u i r e  p r o b a b i l i t y  d i s t r i b u t i o n s  f o r  b o t h  s u r f a c e  h e i g h t  
and s u r f a c e  normal. These p r o b a b i l i t y  d i s t r i b u t i o n s  are  n o t  
The use  of  t h e  concept  of d i f f e r e n t i a l  r e f l e c t i v i t y  
independent  and t h e  r e l a t i o n s h i p  between them w i l l  be r e l a t e d  
t o  an  assumed a u t o c o r r e l a t i o n  f u n c t i o n  f o r  s u r f a c e  h e i g h t s .  
Emphasis w i l l  be p l aced  on p o l a r i z a t i o n  of t h e  r e f l e c t e d  wave 
and t h e  d e p o l a r i z a t i o n  by t h e  s u r f a c e .  U s e  w i l l  be made of 
t h e  t r a n s i e n t  s o l u t i o n  i n  an  a t t e m p t  t o  de te rmine  t h e  proba-  
b i l i t y  d i s t r i b u t i o n  of t h e  r ece ived  power a t  any i n s t a n t  of 
t i m e  i n  t h e  r e f l e c t e d  wave. 
3 . 3  Acous t i c  S c a t t e r i n g  from S u r f a c e s  
An i n v e s t i g a t i o n  w i l l  be made of t h e  a c o u s t i c  s c a t t e r i n g  
of a s p h e r i c a l  wave from a s u r f a c e  u s i n g  t h e  concept  of d i f -  
f e r e n t i a l  r e f l e c t i v i t y .  The purpose of t h i s  i n v e s t i g a t i o n  
w i l l  be t o  o b t a i n  a bet ter  j u s t i f i c a t i o n  f o r  t h e  use  of t h e  
a c o u s t i c  s i m u l a t o r  t o  determine t h e  e l ec t romagne t i c  s c a t t e r i n g  
from a s u r f a c e .  A t  p r e s e n t  t h e  u s e  of t h e  a c o u s t i c  s i m u l a t o r  
can  only be j u s t i f i e d  on t a r g e t s  f o r  which e l ec t romagne t i c  
s c a t t e r i n g  has  been expe r imen ta l ly  measured. I f  t h e  r e l a t i o n -  
s h i p  of  t h e  l o n g i t u d i n a l  p r e s s u r e  wave r e f l e c t e d  from a p a r t i c -  
u l a r  s u r f a c e  can  be r e l a t e d  t o  t h e  d i r e c t  p o l a r i z e d  component 
of e l ec t romagne t i c  r e f l e c t i o n ,  t h e n  t h e o r e t i c a l  methods of 
de t e rmin ing  e l ec t romagne t i c  r e f l e c t i o n  can be v e r i f i e d  by t h e  
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u s e  of the a c o u s t i c  s imula tor  and p o s s i b l e  extended t o  c a s e s  
which would o the rwise  r e q u i r e  the  use  of l a r g e  d i g i t a l  
computers f o r  numerical  eva lua t ion  of  c e r t a i n  i n t e g r a l s .  
Any results ob ta ined  t a k i n g  i n t o  account  body e f fec t  (i.e. 
t r a n s v e r s e  and l o n g i t u d i n a l  waves i n s i d e  the t a r g e t )  w i l l  be 
of cons ide rab le  importance i n  t h e  s tudy  of t h e  cor responding  
e l ec t romagne t i c  cases. 
4.0 P u b l i c a t i o n s  
A p o r t i o n  of the t i m e  dur ing  t h i s  s i x  month p e r i o d  was 
s p e n t  r e w r i t i n g  and condensing ou r  paper  e n t i t l e d  "The Concept 
of D i f f e r e n t i a l  R e f l e c t i v i t y  a s  Applied t o  t h e  R e f l e c t i o n  of 
B e a m - L i m i t e d  Rad ia t ion  by a Cmvex Body". 
pub l i shed  i n  t h e  February 1965 i s s u e  of  "Radio Science ,  
J o u r n a l  of Research of NBS/USNC - URSI, S e c t i o n  D". 
T h i s  paper  w i l l  be 
5.0 Travel 
The fol lswdng t r i p  w a s  made by r e s e a r c h  pe r sonne l  f o r  
purposes  of d i s c u s s i n g  r e sea rch  work, a t t e n d i n g  t e c h n i c a l  con- 
f e r e n c e s  and exchanging r e sea rch  n o t e s  w i t h  o t h e r  people  i n  
t h i s  and a l l i e d  f i e l d s :  
Mr, D. El, Lenhert a t tended  the F a l l  'JRSI meeting a t  t h e  
University of I l l i n o i s  . in October,  1964. 
